Abstract Adrenomedullin (AM) is a peptide hormone involved in the modulation of cellular growth, migration, apoptosis, and angiogenesis. These characteristics suggest that AM is involved in the control of neural stem/progenitor cell (NSPC) biology. To explore this hypothesis, we have obtained NSPC from the olfactory bulb of adult wild-type animals and brain conditional knockouts for adm, the gene that produces AM. Knockout NSPC contain higher levels of hyperpolymerized tubulin and more abundant filopodia than adm-containing cells, resulting in a different morphology in culture, whereas the size of the knockout neurospheres is smaller than that of the wild-types. Proliferation studies have demonstrated that adm-null NSPC incorporate less 5′-bromodeoxyuridine (BrdU) than their wild-type counterparts. In contrast, BrdU studies in the olfactory bulb of adult animals show more labeled cells in adm-null mice that in wild-types, suggesting that a compensatory mechanism exists that guarantees the sufficient production of neural cells in this organ. In NSPC differentiation tests, lack of adm results in significantly lower proportions of neurons and astrocytes and higher proportions of oligodendrocytes. The oligodendrocytes produced from admnull neurospheres present an immature phenotype with fewer and shorter processes than adm-containing oligodendrocytes. Thus, AM is an important factor in regulating the proliferation and differentiation of adult NSPC and might be used to modulate stem cell renewal and fate in protocols destined to produce neural cells for regenerative therapies.
Introduction
In the adult brain, neurogenesis occurs constitutively in two defined regions: the subgranular zone of the hippocampus and the subventricular zone (SVZ) lining the lateral ventricles. Neural stem/progenitor cells (NSPC) located in the SVZ proliferate, then neuroblasts migrate toward the olfactory bulb where they differentiate into interneurons (Galli et al. 2003; Zhao et al. 2008) . The NSPCs located in the olfactory bulb retain "stemness" properties since clonal analysis has shown that they can self-renew and are multipotent, generating neurons, astrocytes, and oligodendrocytes (Vicario-Abejón et al. 2003; Vergaño-Vera et al. 2009 ). These cells are known as olfactory bulb stem/progenitor cells (OBSC) .
Given the high expectations placed on novel cell-based therapies to alleviate various pathological brain conditions (Conti et al. 2008; Einstein and Ben-Hur 2008) , an understanding of the signals involved in NSPC proliferation and differentiation is becoming increasingly relevant. Several genes, nuclear receptors, and epigenetic mechanisms have been implicated in NSPC growth and fate specification (Cimini and Ceru 2008; Kim et al. 2008; Kageyama et al. 2008; Namihira et al. 2008; Wang et al. 2008 ). In addition, extracellular soluble factors and their receptors have associated with NSPC differentiation. These include, inter alia, estrogen, testosterone, prolactin, corticosteroids, histamine, insulin-like growth factor 1, and tumor necrosis factor α (Lennington et al. 2003; Vicario-Abejón et al. 2003; Okada et al. 2008; Molina-Hernandez and Velasco 2008; Bernardino et al. 2008; Schneider et al. 2008) .
Adrenomedullin (AM) is a regulatory peptide with structural homology to calcitonin gene-related peptide and amylin. The gene coding for this peptide, adm, produces a preprohormone, which, after posttranslational modifications, generates two biologically active peptides: AM and proadrenomedullin N-terminal 20 peptide (PAMP). The expression of these peptides is widespread, and several functions have been ascribed to these molecules, including vasodilation, bronchodilation, hormone-secretion regulation, angiogenesis promotion, and antimicrobial activity (Lopez and Martinez 2002) .
Several studies have shown that AM is a marker of specific cell fate in bone-marrow-derived stem cells (Ishii et al. 2005; Chute et al. 2006) , and that its expression increases along the pathway of adipocyte differentiation from mesenchymal stem cells (Li et al. 2006) . AM has been also implicated in the growth and expansion of cord blood hematopoietic stem cells (De Angeli et al. 2004) , probably through a novel mechanism involving the activation of the Notch pathway (Yurugi-Kobayashi et al. 2006) . Furthermore, addition of AM to established protocols for stem cell therapy in animals seems greatly to enhance the outcome of the procedures (Nagaya et al. 2003; Iwase et al. 2005; Hanabusa et al. 2005; Abe et al. 2006; Jo et al. 2007) . At the cellular level, both AM and PAMP are thought to be involved in growth modulation (Zudaire et al. 2003) , apoptosis reduction , induction of angiogenesis (Martinez et al. 2004) , and the regulation of cell migration (Zudaire et al. 2006) . These properties, taken together, suggest that AM and PAMP contribute to establishing the phenotype of stem cells and their progeny.
Surprisingly, no reports have appeared in the literature exploring the connection between the peptides produced by the adm gene and NSPC. Taking advantage of our recently reported brain conditional knockout (KO) for adm (Fernandez et al. 2008) , we have studied the consequences of adm deletion in NSPC isolated from adult mouse olfactory bulb. These include changes in proliferation and in differentiation rates of the progeny of cultured neurospheres.
Materials and methods
KO mice and genotyping The brain-specific conditional KO mouse for adm was developed in our laboratory by rearing mice with two LoxP sequences surrounding the adm gene ( Fig. 1 ) and crossing these animals with transgenic mice that expressed Cre recombinase under the tubulin Tα-1 promoter (Fernandez et al. 2008) . Heterozygote (w/f Cre + ) mice were crossed and their offspring were genotyped by the polymerase chain reaction (PCR) with tail clip DNA. Female littermate pairs were used for all experiments. All procedures involving animals were carried out in accordance with the European Communities Council Fig. 1 Top Representation of the KO construct showing the location of both LoxP sequences flanking the adm gene, and the places at which the PCR primers (p1, p2) hybridize on the genomic DNA. Bottom Results of a polymerase chain reaction performed on genomic DNA obtained from either neurospheres or tail clips with primers p1 and p2. The wild-type (WT) samples present a clear band of about 2600 bp, whereas the adm-null (KO) neurospheres do not Directive (86/609/EEC) and reviewed by the Ethics Committee of the Cajal Institute.
Neural stem cell culture Adult olfactory bulb stem cells (aOBSC) were prepared from 12-week old wild-type (WT, w/w Cre + ) and homozygous brain KO (f/f Cre + ) females, following previously described protocols (Gritti et al. 2002; Vergaño-Vera et al. 2009 ). The olfactory bulbs were dissected out, the meninges and blood vessels were removed, and the tissue was cut into small pieces. Subsquently, the tissue was digested with papain and gently disaggregated, and the resulting cell suspension was plated into uncoated 6-well plates in Dulbecco's modified Eagle's medium (DMEM)/F12/N2 or DMEM/F12/B27 (Invitrogen) plus E13.5 OBSC conditioned medium (1:1), in the presence of 20 ng/ml fibroblast growth factor-2 (FGF-2) and 20 ng/ml epidermal growth factor (EGF). When cells within neurospheres reached confluency, they were dissociated and recultured in the same medium. The diameter of 10 neurospheres per genotype was measured by using NIH Image J software (Wayne Rasband, National Institutes of Health, USA). Statistical analysis was performed by using Student's t test and Sigma Stat software (Sigma).
Genotyping of cultured cells To ensure that the adm gene had been removed from the OBSC, genomic DNA was extracted from the cultures, and PCR was performed with a primer internal to the gene (p1, Fig. 1 ) and the antisense primer external to the gene (p2, Fig. 1 ). Sequences of the primers were: p1, 5′-ATATAGGTGCGGGTGACAGC-3′; p2, 5′-CAGCTGTCTGGTTCCTCTCC-3′. Under the appropriate conditions, the WT cells should render a 2582-bp band, whereas cells lacking adm should have no band at all.
Immunostaining of cultured cells For cell proliferation assays, cells were plated at a density of 6000 cells/cm 2 , incubated with 5′-bromodeoxyuridine (BrdU) for 4 h, fixed, and then immunostained with antibodies against BrdU (1:1000; BD), nestin (1:1500; a gift from R. McKay, NIH), or glu-tubulin (1:1000; Chemicon). Counterstaining with 4,6-diamidino-2-phenylindole (DAPI) and/or Bodipyphallacidin (Molecular Probes) was performed in all slides. Neurospheres were immunostained with nestin and RC2 (radial glia marker; 1:100, Developmental Studies Hybridoma Bank, University of Iowa) antibodies after they had been attached to matrigel (BD Biosciences) for 10 min. For cell differentiation assays, cells were plated on coverslips in the absence of growth factors (FGF-2, EGF) at a density of 100,000 cells/cm 2 . Some cultures were supplemented with synthetic AM (100 nM final concentration) twice a day. This dose of AM was selected because previous studies had shown that it was enough to saturate its specific membrane receptors (Moody et al. 1997) . After 3 days, cells were fixed in 4% paraformaldehyde in phosphate-buffered saline (PBS) and stained with antibodies against β-III tubulin (TuJ1, neuronal marker, 1:750; Covance), glial fibrillary acidic protein (astrocyte marker, 1:1000; Dako), O4 (oligodendrocyte marker, 1:8; hybridoma supernatant; O4-producing cells were a gift from A.R. Peña, CSIC), Olig2 (transcription factor involved in oligodendrocyte lineage, 1:2000; Millipore), and/or GalC (mature oligodendrocyte marker, 1:100; Millipore) overnight at 4°C. Secondary antibodies with appropriate fluorochromes were used to localize the various progenies of the aOBSC. All cells on coverslips were counterstained with DAPI (Molecular Probes) to localize the nuclei. Images were acquired with a confocal microscope (Leica).
Cell counts and statistical analysis To determine the number of cells expressing a specific antigen, ten random fields were counted per coverslip by using a 40× objective and fluorescent filters, as described by Vicario-Abejón et al. (2003) . The number of positive cells was related to the number of DAPI-positive nuclei or to the number of nestinpositive cells in the same field to obtain the percentage value. To account for morphological differences in oligodendrocytes, the longest cell prolongation was measured in 50 O4-positive cells of each genotype. Statistical analysis was performed with Student's t-test. P-values lower than 0.05 were considered statistically significant.
Cell cycle analysis Cell cycle analysis was performed on WT and KO cultures at 3-4 days after the corresponding passage. Cells were collected by mechanical procedures, washed with PBS, and fixed overnight with 70% ethanol. After an additional wash, cells were treated with RNAse A (Sigma) for 20 min at 37°C, incubated with propidium iodide (25 μg/ml, final concentration), and analyzed by flow cytometry (FACS Vantage). Statistical analysis was performed with Student's t-test and Sigma Stat software (Sigma).
In vivo proliferation studies Cryostat sections were prepared from adult mice (2-5 months old) that had been intraperitoneally (i.p.) injected with a single dose of BrdU (100 μg/g; Roche Diagnostics, Basel, Switzerland) to assess cell proliferation in the OB. The animals were perfused 2 h later with 4% paraformaldehyde, postfixed, immersed in 30% sucrose, and then frozen at -70°C. Coronal cryostat sections (14 μm) were immunostained with an antibody against BrdU (1:200; Abcam). No labeling was observed with this antibody in brain sections of mice that had not been injected with BrdU (HurtadoChong et al. 2009 ).
Results
The olfactory bulbs of littermate mice of both genotypes were mechanically and enzymatically dissociated and cell suspensions were plated in the presence of growth factors (FGF-2 and EGF). This experimental approach was repeated on four different occasions. At 5-7 days after plating, small-to medium-sized neurospheres were observed in all cases (see below for average sizes). These neurospheres were weekly dissociated/passaged and recultured to expand the population of NSPCs. To investigate whether the adm gene was properly deleted in the NSPC of mice expressing Cre recombinase, genomic DNA was extracted from the neurospheres, and PCR was performed with adequate primers (Fig. 1) . DNA obtained from WT neurospheres and WT tail clips generated the expected band of~2600 bp, whereas DNA obtained from KO neurospheres did not (Fig. 1) , thus indicating that the gene had been deleted.
Differences in neurosphere morphology were observed (Fig. 2) . The adm-null neurospheres were slightly (76.3± Fig. 2 Neurospheres observed in olfactory bulb cultures of wild-type (WT, a, c-e) and admnull (KO, b, f-h) brains after dissection and plating in the presence of FGF-2 and EGF. Phase-contrast photographs show that the WT neurospheres (a) are slightly larger than those lacking adm (b). This difference in size has been quantified, and the values are presented in i. *Statistically significant differences (P<0.01). Neurospheres of both genotypes were stained with the NSPC markers RC2 (c, f) and nestin (d, g). Practically every cell in the neurosphere stains for both markers, as can be seen in the merged images (Merge) where DAPI has been used as a nuclear counterstain (e, h). Bar100µm (a, b), 10µm (c-h) 4.8 μm) but significantly smaller than their WT (94.7± 3.7 μm) counterparts (Fig. 2a, b, i) . The great majority of cells in the neurospheres was positive for the neural stem cell markers RC2 and nestin (Fig. 2c-h ).
Influence of adm loss on aOBSC proliferation Cells obtained from dissociated neurospheres were cultured on polyornithine-coated coverslips in the presence of FGF-2 and EGF. Previous studies have shown that a reduction in adm expression results in microtubule hyperpolymerization and higher levels of glu-tubulin in the cell (Sackett et al. 2008; Fernandez et al. 2008) . To check whether this was also the case in aOBSCs, cells from both genotypes were stained with markers for glu-tubulin and the actin cytoskeleton (Fig. 3a-f) . Interestingly, OBSCs from the WT animals had a more fusiform morphology with little glu-tubulin immunoreactivity and actin labeling being limited to stress fibers (Fig. 3a, d ). In clear contrast, OBSCs from KO animals had a more pleomorphic morphology, higher levels of glu-tubulin, and numerous actin-containing filopodia (Fig. 3b, e) . This morphology did not change with external addition of synthetic AM (Fig. 3c, f) . To measure proliferation potential, cells were labeled with BrdU for 4 h prior to fixation. Staining with antibodies specific for BrdU identified a large number of proliferating cells with positive nuclei (Fig. 3g-i) . Double-staining with a nestin antibody revealed that most BrdU-positive cells were also immunostained for nestin (Fig. 3g-i) , a recognized marker of NSPC (Gilyarov 2008; Lendahl et al. 1990) . Notably, cell counts demonstrated that cells lacking adm expression had a significantly lower proliferation index, as measured by BrdU incorporation, than their WT counterparts (Fig. 4a) , whereas the proportion of nestin-positive cells was similar in cultures from both genotypes (Fig. 4b) , suggesting that lack of adm had a specific impact on cell proliferation. External addition of synthetic AM did not modify this trend (results not shown). Quantification of the number of filopodia per cell demonstrated that cells lacking adm had many more such structures than cells containing the gene (Fig. 4c) .
Cell cycle analysis To investigate whether the lower proliferation index observed in the KO cells was attributable to changes in the cell cycle, fluorescence-activated Fig. 3 Morphological and proliferative differences in adult olfactory bulb stem cells (aOBSC) generated from WT animals (a, d, g) or the conditional KO (b, e, h). Some admnull cells received extrinsic AM for 3 days (c, f, i). Cells in a-c were stained with an antibody against glu-tubulin (red), Bodipy-phallacidin, which labels the actin cytoskeleton (green), and DAPI as a nuclear counterstain(blue). Higher magnifications of a-c are shown in d-f. Cultures in g-i were stained for nestin (red), BrdU (green), and DAPI (blue). Treatment with synthetic AM (c, f, i) did not change the morphology or proliferation potential of the adm-null cells. Confocal microscopy. Bar20 μm (a-c, g-i),
cell-sorting analysis was performed comparing WT and KO cultures. A 35% increase was noted in the percentage of KO cells in the G2/M phase compared with WT cells, but this difference did not reach statistical significance. The proportions of cells in the G0/G1 and S phases were similar in both cultures.
Influence of adm loss in aOBSC differentiation To induce differentiation, aOBSC were dissociated and cultured in the absence of EGF and FGF-2 for 3 days on polyornithine and fibronectin-coated coverslips. Multiple staining with markers for the three cell types generated from NSPC, namely neurons, astrocytes, and oligodendrocytes, was performed and analyzed by confocal microscopy (Fig. 5) . Cell counts revealed that the percentage of neurons was significantly diminished in the KO culture when compared with the WT culture, but this difference was significantly corrected when synthetic AM was added to the medium (Fig. 6a) . A similar scenario appeared when astrocytes were counted (Fig. 6b) . On the other hand, O4-positive oligodendrocytes had the reverse pattern, presenting a higher percentage in the KO than in the WT cultures. In this case, the addition of external AM resulted in a slight normalization of the percentage toward the WT value (Fig. 6c) . No apparent morphological changes were seen in the neurons and the astrocytes generated by the KO neurospheres (Fig. 5 ), but a major morphological variation was found in the oligodendrocytes (Fig. 5c, d ). WT oligodendrocytes presented the characteristic morphology of this cell type, with long and branched cell processes emanating from a central soma (Fig. 5c ). In contrast, oligodendrocytes produced from neurospheres lacking adm expression were more numerous but possessed fewer and shorter processes (Fig. 5d ). To provide a more quantitative measurement of this observation, the longest prolongation of each cell was measured; a comparison of 50 WT and 50 KO cells appears in Fig. 6d , which shows a highly significant length reduction in the adm-null oligodendrocytes. To investigate the phenotype of these oligodendrocytes further, we analyzed the percentage of O4 + cells that were also positive for GalC. The percentage of GalC + /O4 + was 97.82±2.17% for the WT and 92.39±5.44% for the KO (n=5 cultures per genotype). The difference did not reach statistical significance. We also analyzed the expression of Olig2, a key transcription factor in the oligodendrocyte lineage (Dimou et al. 2008) . The Olig2 + /DAPI ratio was 36.45% in the WT and 48.79% in the KO (n=5 cultures per genotype). Although the difference of 34% between results in WT and KO cultures did not reach statistical significance, the trend was similar to that found for O4 + cells.
Differential proliferation in OB in vivo
In vivo studies were performed to investigate the impact of adm loss on cell proliferation in the adult OB. BrdU + cells located in the OB were more abundant (45%, P<0.01) in the KO animals ( Fig. 7b ) than in the normal controls (Fig. 7a) . The gross morphology of the OB, however, was apparently unaffected in the KO mice. Cells were counted in serial coronal sections with a total of 43 sections from three WT mice and 42 sections from three KO mice (Fig. 7c) . A two-tailed Student's t test was used to compare the mean values of KO vs WT mice. The variances of both groups were not significantly different when compared with the F-test, and the differences between both groups were statistically significant (P<0.01).
Discussion
We have shown that the lack of adm results in profound changes in the proliferation rate and differentiation in the progeny of aOBSCs. The impact of AM on cell growth is cell-type-dependent, being a mitogen in tumor cells, endothelial cells, and fibroblasts (Miller et al. 1996; Withers et al. 1996; Nikitenko et al. 2000) , whereas it reduces the growth of other cell types including smooth muscle cells, cardiomyocytes and mesangial cells (Chini et al. 1995; Horio et al. 1995; Tsuruda et al. 1998 ). According to our results, OBSCs are another example of cells whose growth is enhanced by the presence of AM. A clear connection exists between the effects of AM on NSPCs and those of AM on cord-blood hematopoietic stem cells in which AM induces stem cell growth (De Angeli et al. 2004) , indicating a common role for AM in various sources of stem cells. This trend toward slight growth reduction in the KO neurospheres as observed in vitro is reversed when studied in vivo. Interestingly, the number of BrdUincorporating cells in the OB of KO adult mice is higher than that in the WT. This result was partially expected, since a detailed anatomical study of the adm-null mouse brain demonstrated no differences in either the morphology or the number of cells in any area of the central nervous system (Fernandez et al. 2008) . The apparent discrepancy between the in vitro and the in vivo data might result from the increased proliferation of specific progenitor cells in the in vivo OB. Since the number of O4 + cells is higher in KO than in WT cultures, we are tempted to speculate that the loss of adm results in an elevated proliferation of oligodendrocyte progenitors. This obviously suggests the existence of compensatory mechanisms in particular cell lineages of the OB. Previous studies have shown that the Labeled with markers for neurons (TuJ1, green), astrocytes (glial fibrillary acidic protein [GFAP] red), and cell nuclei (blue). c, d Stained with markers for oligodendrocytes (O4, green), astrocytes (GFAP, red), and cell nuclei (blue). Confocal microscopy. Bar20 μm lack of adm does not induce expression changes in the AM receptor system or the AM2 gene (Fernandez et al. 2008) , suggesting that other pathways are involved.
Important changes in the cytoskeleton are evident when comparing WT and adm-null stem cells. Similar modifications in tubulin hyperpolymerization have been observed when the AM/PAMP levels are reduced by either short interfering RNA technology or by genetic engineering (Sackett et al. 2008; Fernandez et al. 2008) . Here, we have also seen changes in the actin cytoskeleton, a finding that is not surprising since the microtubule and microfilament components of the cytoskeleton are tightly interconnected (Schober et al. 2007 ). The more prominent modification, apart from cell shape, consists in adm-null cells displaying abundant filopodia. These actin-rich cell prolongations are involved in cell migration and neurite outgrowth and serve as precursors for dendritic spines (Mattila and Lappalainen 2008) . Modifications in the tubulin and actin cytoskeleton may lead to profound changes in the morphology and physiology of mature nerve cells (Jinushi-Nakao et al. 2007) . In our study, we have not seen apparent morphological changes in either neurons or astrocytes generated from adm-null neurospheres, but the oligodendrocytes present striking modifications, with shorter and less numerous cell processes. Both microtubules and microfilaments are extremely important for oligodendrocyte morphogenesis (Kachar et al. 1986; Rumsby et al. 2003) , and the differences observed in the cytoskeleton of the stem cells might be responsible for the immature phenotype described for oligodendrocytes lacking adm. Cytoskeleton hyperpolymerization has also been related to changes in the cell cycle (Sackett et al. 2008) . In our study, we have detected a trend toward a larger number of cells in cultures of KO in the G2/M phase of the cycle than in the WT cells. The lack of statistical significance in this trend possibly indicates a poorer sensitivity of this method as compared with the data obtained by BrdU incorporation or even by measuring the diameter of the neurospheres.
Neural stem cells differentiate into three distinct cell types: neurons, astrocytes, and oligodendrocytes (Galli et al. 2003) . The proportion of each lineage that is produced from the undifferentiated progenitor cells varies remarkably depending on external and internal cues (Prozorovski et al. 2008; Sakurai and Osumi 2008; Hattori et al. 2008; Horie et al. 2008; Bernardino et al. 2008 ). In our model, the lack of adm results in a reduction in the number of neurons and astrocytes with a concomitant increase in the number of oligodendrocytes. This effect is partially reversed by the addition of synthetic AM to the culture medium. These data indicate the existence of a molecular switch, downstream of AM signaling, that prompts neural precursors to generate either neurons and astrocytes or oligodendrocytes. A similar scenario has been shown for thyroid hormone, where high levels of the hormone produce a dose- Each bar represents the mean±SEM of at least three coverslips and of 10 microscopic fields per coverslip. Groups were compared by Student's t-test. *P < 0.05, **P < 0.01, ***P < 0.001, compared with WT; # P<0.05, compared with KO without addition of AM dependent increase in the number of astrocytes and a reduction in the number of oligodendrocytes (Sharlin et al. 2008) . At the intracellular level, factors that regulate the phosphatidyl-inositol (PI) 3-kinase-Akt pathway are known to modulate the proportion of neurons and astrocytes generated from OBSC, and so the inhibition of Akt phosphorylation by either overexpression of the phosphatase and tensin homolog (PTEN) or by the addition of the PI 3-kinase inhibitor LY294002 results in a reduction in the number of neurons and astrocytes obtained from neurospheres and in an increase, albeit moderate, in the number of oligodendrocytes (Otaegi et al. 2006) . AM signaling involves the activation of Akt (Kim et al. 2003) , and this pathway might contain the molecular switch responsible for the changes in progeny proportions that we describe here.
We have observed striking morphological differences between oligodendrocytes generated from neurospheres that contain or lack adm. The appearance of the adm-null oligodendrocytes suggests that they are in a more immature state than their WT counterparts. This conclusion is partially supported by the expression of GalC and Olig2. GalC antibodies mark oligodendrocyte cells that are in a relatively more mature state than O4 + cells, although extensive overlap occurs between both labels (Wolswijk 1998 ). In our case, WT cultures have a slightly higher percentage of GalC + cells than the KO cultures, indicating that the latter are possibly more immature than the former. Olig2 is a key transcription factor in the oligodendrocyte lineage (Dimou et al. 2008) . For this marker, we have observed the reversed pattern, with more positive cells among the KO than in the WT cultures. Again, this trend tends to identify the adm-null oligodendrocytes as being more immature than their WT counterparts.
An intriguing observation is the differential response to the extrinsic addition of synthetic AM. The percentage of cells of the three cell lineages produced by the conditional KO neurospheres is partially recovered in the presence of externally added AM. In contrast, the morphological and proliferative characteristics of the adm-null cells do not revert when cultures are supplemented with AM. This suggests the existence of distinct mechanisms regulating AM-mediated stem cell differentiation and morphology. Cell fate may be mediated through the membrane receptor for AM, a combination of the seven-transmembrane domain polypeptide CLR (calcitonin-receptor-like-receptor) and the single transmembrane domain protein RAMP (receptoractivity-modifying protein; McLatchie et al. 1998 ), whereas Fig. 7 Representative images of BrdU immunostaining in coronal sections of adult mice demonstrating a 45% increase in BrdU + cells in the OB of adm-null (KO) mice compared with wild-type (WT) mice. Images of BrdU + cells (a, b) were taken from areas of the subependymal zone (SEZ) equivalent to those in the insets, which present low-magnification images of cresyl-violet-stained sections from OB of WT and KO mice. The mean number of stained cells (±SEM) per section and animal are shown in c (n=3 mice per genotype; P<0.01, Student's t test). Bar 29.5 μm (a, b), 325 μm (insets) morphological features and the cell cycle might be more dependent on an intracellular pool of the peptides acting through their binding affinities to the cytoskeleton (Sackett et al. 2008) .
In summary, we have shown that removal of the adm gene has an impact on the proliferation and differentiation rates of the adult neural stem cells obtained from the olfactory bulb of the mouse. If these results are confirmed in human NSPC models, AM could become a useful reagent to modulate the fate of stem cells for their use in regenerative cell therapy.
